Background: Human immunodeficiency virus (HIV), hepatitis B virus (HBV), hepatitis C virus (HCV) and Treponema pallidum (TP) infections are considered classic transfusion-transmissible infections (TTIs). Few data are available about the prevalence of TTIs in patients before blood transfusion in China. This study aimed to investigate the seroprevalence of four TTIs among patients before blood transfusion in Xiangya Hospital Central South University, China.
Background
Blood transfusion, especially component transfusion such as packed red blood cells, platelet concentrates, fresh frozen plasma, individual factor concentrates, and cryoprecipitate, has become an indispensable medical treatment for the rescue of patients. However, blood transfusion still has some limitations, and the most significant one is the potential risk of transfusiontransmitted infections (TTIs) [1, 2] . The pathogens involved in TTIs include viruses, bacteria and parasites [3] . Among them, hepatitis B virus (HBV), hepatitis C virus (HCV), human immunodeficiency virus (HIV) and Treponema pallidum (TP) are especially concerning because of their prolonged presence in the blood and body fluids of carriers [1] [2] [3] [4] .
With a general population infection rate of nearly 10. 00% [5] , the prevalence of chronic hepatitis B (CHB) is particularly serious in China. CHB and chronic HCV infection are strongly associated with liver failure, liver cirrhosis and cancer. In the early and mid-1990s in China, the anti-HCV antibody was not screened for in blood for transfusion, and this resulted in many cases of transfusion-transmitted hepatitis C [6, 7] . Acquired immune deficiency syndrome (AIDS) caused by HIV infection has become one of the world's most serious health challenges. In 2005, 22,000 out of 75,000 newly developed HIV infections in China were acquired by transfusion of contaminated blood [8] [9] [10] . TP is an important bloodborne disease, and a resurgence of it has occurred in recent years in China [11] . Regardless of the manner of infection acquisition, timely detection and diagnosis of these TTIs is critical for the treatment of these patients and the prevention of the transmission.
The prevalence of TTIs varies greatly in different areas and populations. For instance, in western China, the prevalence rate of HIV infection in donors was 0.31% [12, 13] . While in Guangzhou and Nanjing, it was 0.02 and 0. 08%, respectively [14] . Until now, most studies have focused on the positive rate of TTI serum markers among blood donors, while few studies have focused on the patients, especially these who will receive transfusion.
In the present study, we analyzed the results of tests on patients before possible blood transfusion at a comprehensive teaching hospital in the central and southern region of China and evaluated the positivity of HBsAg, anti-HCV, anti-HIV and syphilis antibodies over a 6-year period. This study provides data about the prevalence and trends of these four TTIs in a large patient population.
Methods
The cross-sectional study was approved by "Medical Ethics Committee of the Xiangya Hospital of Centre South University" in the year 2010. Written informed consent was obtained from all the patients to allow the use of anonymized test results of their blood samples. Consent was obtained from a parent or guardian on behalf of any participants under the age of 16. Xiangya Hospital is a large-scale, comprehensive, tertiary hospital with 3500 beds and nearly 3 million outpatients and emergency patients each year. The patients at this hospital mainly come from the central and southern regions of China. From 2011 to 2016, TTI serum markers were tested in 442,121 patients who planned to receive blood transfusions, surgeries or interventional procedures at Xiangya Hospital.
Serologic assays
Serum samples were assessed for antibodies to HIV types 1 and 2 (anti-HIV1/2), HBsAg, anti-HCV and anti-TP by chemiluminescence microparticle immunoassays (CMIA) on the ARCHITECT i2000SR (Abbott Diagnostics, Wiesbaden, Germany). All the reagents were provided by Abbott Company and were approved by the State Food and Drug Administration of China. The system provided standardized quantitative results for HBsAg, expressed in international units (IU/ml), and values exceeding 0.05 IU/ml were considered positive for HBsAg. The presence or absence of anti-HIV 1/2, anti-HCV or anti-TP in the sample was determined by comparing the chemiluminescent signal in the reaction to the cut-off signal determined from an active ARCHI-TECT anti-HIV1/2, anti-HCV or anti-TP calibration curve, respectively. All the results of anti-HIV1/2, anti-HCV or anti-TP are expressed as the S/CO ratio, with S/CO < 1.0 indicating a nonreactive result and S/CO ≥ 1. 0 indicating a reactive result. The samples positive for anti-TP were confirmed with identical test kits. A result was considered positive only when both results were positive. Serum from patients who screened positive for anti-HIV1/2 was collected again on the second day and re-examined by CMIA and colloidal gold immunochromatographic assay (Wantai, Beijing, China). The HIV antigen was fixed on the membrane with the nitrocellulose membrane as the carrier, and the samples were migrated along the solid-phase carrier. The quality-control band of the effective test had to be developed. The positive results and the quality-control band each showed a colored stripe on the membrane antigen site. As long as one method of re-examination result was positive, the serum samples were retested to confirm the existence of HIV infection by Western blot, which was performed in the laboratory of Hunan Provincial Centers for Disease Control and Prevention (CDC) [15] . The operation methods and results of judgment strictly followed the national guideline for detection of HIV/AIDS formulated by the CDC. All reagents were of quality batches and were used within the validity period.
Statistical analysis
Statistical analyses were conducted using SPSS 19.0 statistics software. The chi-square test was applied to assess associations between categorical variants. The chi-square test for trends was used to analyze the differences in the seroprevalence of HBsAg, anti-HCV, anti-HIV and anti-TP among patients. A p-value < 0.05 was considered statistically significant.
Results

Demographic characteristics of patients
A total of 442,121 patients were screened for serum markers of the four TTIs during the study period. Of them, 218,378 (49.39%) were male, and 223,743 (50.61%) were female. The age of the study subjects ranged from 0 to 99 years (the average age was 43.85), and patients aged from 21 to 50 years accounted for 52.91% of all the subjects. The details are shown in Table 1 .
Seroprevalence of HBV, HCV, HIV and TP
The overall positivity of TTI serum markers was 15.35% (67875) and the positive rates of HBsAg, anti-HCV, anti-HIV and anti-TP were 10.98, 1.43, 0.16 and 2.78%, respectively (Table 1) . Among them, 14.06% (62184) had one positive TTI serum marker, and 0.63% (2788) had two or more ( Table 2 ).
The positive rates of TTI serum markers were 17.98% for males and 12.79% for females (p < 0.001). HIV, HBV and HCV infection were more prevalent in males (p < 0. 001). TP infection was more prevalent in females (p = 0. 003) ( Table 2 ).
The prevalence of TTI serum markers varied significantly by age group. The highest infection rate of HBV was found in the middle-young group (aged 31-60 years), especially in those from 41 to 50 years old (14. 30%). The prevalence of HBsAg was lowest in those under the age of 20 years (2.34%). Most infections of TP were identified in aged patients. The positive rates of anti-TP significantly increased with increasing age and reached a peak (4.84%) in the age group older than 71 years. Likewise, the prevalence of HCV infection was high within those groups whose age exceeded 41 years. Overall, infection rates of HIV were relatively low, and those aged from 21 to 60 years had the highest positive rate of 0.19% ( Table 2) . The variation trends of the positive rates of anti-TP, anti-HCV and HBsAg in male and female patients year by year were consistent. The positive rates of anti-HIV in male patients increased year by year (p = 0.001), while in female patients, it remained relatively steady (p = 0.061) ( Table 2) .
Age-and year-related distribution figures showed that the positive rates of anti-HCV and anti-TP remained steady over the 6 years studied (Fig. 1c & d) . Decreased positivity of HBsAg was observed in all age groups when analyzed year by year (Fig. 1b) . A significant increase in the positive rate of anti-HIV in 21-30-year-old patients was observed (P = 0.032) (Fig. 1a) .
Distribution of co-infections
Of all the patients screened, 2788 (0.63%) had multiple infections (Table 3 ). The top three multiple infections were HBV-TP, HBV-HCV, and HCV-TP, with positivity rates of 0.29, 0.18 and 0.06%, respectively. Co-infection rates of HBV-TP and HBV-HCV showed significant decreases from 0.34 to 0.23% and 0.25 to 0.14%, respectively (p < 0.001), while the seroprevalence of HIV-HBV showed a slight increase from 0.03 to 0.05% (p = 0.020). The prevalence of triple or quadruple infection was rare and remained relatively steady. 
Discussion
The detection of TTI markers before blood transfusion in recipients is not only an important measure to reduce or eliminate medical disputes caused by infections through blood transfusion but also an effective way to reduce the iatrogenic infection and occupational exposure risk of doctors and nurses. Currently, available data about the prevalence of TTIs in recipients is limited, and our study supplies a relatively large amount of patient population data. Part of our data had been presented before at the 26th Annual Conference of APASL in Shanghai [16] . Of the 442,121 patients involved, 15. 35% had a minimum of one positive TTI serum marker, and 0.63% had two or more. The prevalence of most TTIs in patients is higher than that in the general population and healthy donors. The positive rates of TTI serum markers in males are significantly higher than that in females. The HBV serum epidemiology survey in China in the year 2006 indicated that the rate of HBsAg positivity was 7.18% in people aged 1-59 years [5] , which showed that China has changed from a high-into an intermediateprevalence area. In our study, the patients' positivity of HBsAg was 10.98%, which is much higher than the 7.
80% in the general population and the 0.51-1.16% in blood donors [12, 13, 17] . Seropositive rate of HBsAg was significantly higher in men than women that is consistent with previous reports. In data from a national survey in China in 2014, HBsAg positivity in people aged 1-4 years, 5-14 years and 15-29 years was 0.32, 0.94 and 4.38%, respectively. This decrease in young people was closely related to the national vaccination program implemented in 1992, which ensured that free HBV vaccination was provided for all neonates born in China [18] . In this research focused on patients, HBsAg prevalence peaked in the 41-50-year age group, and a declining trend was observed in young patients, which is in accordance with the general population. Nevertheless, CHB is still one of the most important infectious diseases in China, especially in the patient population. Our research showed the positive rate of anti-HCV was 1.43%, which was much higher than the 0.43% reported in the general population in 2006 in China [19] . The positivity of anti-HCV in our patient group was significantly lower than 2.8%, the average level in the world, and this further supports the assertion that China is a low-epidemic area of HCV [6, 7] . The prevalence of HCV infection was high within those aged 41-70 years (1.76%). In China, blood transfusion was an important transmission route of HCV and HIV before the Blood Donation Law came into effect in 1998 [20] [21] [22] . This may partly explain the reason that HCV infection was especially high in those aged people.
China has experienced a dramatic resurgence of syphilis in recent years [11] . The total positive rate of anti-TP was 2.78%, and most infections of TP were identified in aged patients. This result was consistent with that of previous studies [23] . Approximately 18% of anti-TP positive patients aged ≥70 years had false results due to the limitations in the detection methods caused by interference by other diseases [24] . To correct this bias, some of the CMIA anti-TP-positive results were confirmed by TPPA assay in our study, but the false-positive rate of the CMIA assay was only 0.16% (Additional file 1). Therefore, the positive rate of 4.98% might be slightly higher than the real level, but the elderly infected patients, who are commonly not well educated and face the problem of economic and moral condemnation, should not be ignored [25] [26] [27] . Unlike CHB and AIDS, infection with HCV and TP is treatable. If treatment is not applied duly, some irreversible complications may lead to poor clinical outcomes. Thus, early detection and therapy in these asymptomatic patients is necessary.
The overall infection rate of HIV was 0.16% and showed an increasing trend in recent years. The most significant increases were observed in patients aged 21-30 years. In China, HIV transmission was particularly high among injection drug users (IDUs) and former plasma donors from 1985 to 2006 [9, 20, 28] . However, in recent years, sexual transmission (both heterosexual and homosexual) has become the dominant route [28] . Our study showed that the peak of HIV infections occurred in a sexually active age. In our study the infection rate of HIV in men (0.23%) was significantly higher than that in women (0.10%). Available data indicated that the HIV epidemic among men who have sex with men (MSM) has been rapidly expanding in recent years in China [29, 30] . The prevalence of TTI co-infection was 0.63% in our patient population, and its reported positivity in donors varies among areas ranged from 0.80 to 6. 29% [2, 13, 31] . This is probably due to the fact that the pathogens in co-infection conditions share similar routes of transmission, including sharing needles and high-risk sexual behaviors.
The Blood Donation Law in China prohibited the use of paid blood donation and required testing for the four TTIs discussed in this study in donors and in blood products for input. As a result, volunteer donors without payment now constitute the majority of blood donors. This transformation in the composition of blood donors has been associated with a gradual decrease in the prevalence of transfusion-transmitted HCV and HIV [9, 22] . In addition, the use of clean and disposable injection equipment has helped to prevent the transmission of blood borne diseases. At present, the most concerning problem is the transmission of these diseases through sexual contact and IDUs [29] .
Conclusions
The prevalence of HBV, HCV, HIV and TP infections in patients before blood transfusion in central and south China is relatively high. The overall infection rate of HBV is high but declining in young patients, while the infection rate of HIV is relatively low but showing an upward trend. Identification of these TTI serum markers in patients before blood transfusion is strongly recommended because it could facilitate the discovery of potential infectious diseases, reduce the chance of nosocomial infection of these diseases during medical treatment and provide useful epidemiological information about TTIs in certain areas. 
